Abstract:
INTRODUCTION
Cold-formed lipped channel sections have been widely used in residential and commercial construction recently. Distortional buckling occurs for cold-formed thin-walled lipped channel sections under compressed load because of large width-to-thickness ratio of the flanges and weak torsional restraint of lip to flange. The direct strength method has been put forward to estimate the distortional buckling strength of lipped channel sections based on the test and theoretical analysis [1 -5] . The distortional buckling mechanical behavior and design method were studied for lipped channel sections fabricated with LG550, S350, S280 steel plates [6 -10] . Then recommend design method for distortional buckling strength was given [11] . The reliability analysis of the recommend method show that the design method in Chinese code considering distortional buckling is suitable for lipped channel sections fabricated with LG550 [12] , S350 [13] , S280 [14] steel plates if the suitable resistance partial coefficient is used.
To simplify the calculated method of distortional buckling load-carrying capacities for lipped channel sections, a study [15, 16] has given the improved width method considering the distortional buckling using energy method based on the test results. The design reliability of the cold-formed thin-walled steel members with lipped channel sections considering distortional buckling for different material type cold-formed steel compressed members was researched using the improved first-order second-moment method based on the experimental results in this paper.
LITERATURE REVIEW ON DISTORTIONAL BUCKLING EXPERIMENTS
The detailed distortional buckling experiments for lipped channel sections fabricated with LG550, S350, S280 steel plates can be found in reference [6 -10] . These experiments include axially compressed members and eccentrically compressed members for lipped channel sections fabricated with LG550, S350, S280 steel plates. The eccentrical experiments include bending about strong axial, bending about weak axial (eccentric to web), and bending about weak axial (eccentric to web).The overall view of compressed columns tests arrangements is shown in Fig. (1) . The columns were fixed supported for axially compressed stud columns. The other column specimens were used to simulate the hinged-hinged support using two knife hinges at every end. The typical buckling mode for LG550 axially compressed members is shown in Fig. (2) . Distortional buckling and local buckling occurred for stud columns, medium columns, and columns bending about strong axial. Distortional buckling and overall flexural buckling occurred for long members. The buckling mode for S350 and S280 axially compressed members was observed to be same to the LG550 members. The typical buckling mode for LG550 eccentrically compressed members is shown in Fig. (3) . Distortional buckling took place for the specimens bending about weak axial and load was eccentric to lip ( Fig. 3a) and bending about strong axial (Fig. 3b) . With the increase of the slenderness ratio, the interaction among distortional buckling and overall buckling occurred for the specimens bending about weak axial and load was eccentric to the lip (Fig. 3c ) and bending about strong axial (Fig. 3d) .The interaction among local buckling and overall buckling occurred for the specimens bending about weak axial and load was eccentric to web (Fig. 3e) . The buckling mode for S350 and S280 eccentrically compressed members were observed to be same to the LG550 members. The tested ultimate tested compressive load strength and buckling mode for all specimens can be found in reference [6 -10] .
MATERIALS AND METHOD

Effective Width Method Considering Distortional Buckling
Distortional buckling occurs for cold-formed thin-walled lipped channel sections under compressed load because of large width-to-thickness ratio of the flanges and weak torsional restraint of lip to flange. A study [17] showed the improved calculation method for cold-formed thin-walled lipped channel sections considering the distortional buckling using the effect width method based on Chinese code GB50018-2002 [18] , and the buckling stability coefficient of the partially stiffened plates is calculated as follows:
If maximum stress acts on the stiffened edge:
and the calculated value should be less than the calculated value using formula (1).
If maximum stress acts on the partially stiffened edge:
Where ψ is the factor of non-uniform stress distribution for the partially stiffened element, b is the width of the partially stiffened element, a is the width of lip,t is the thickness of member,I is the lip moment of inertia about the central axis of the lip and the partially stiffened plate, which can be calculated as: 
Design Reliability Analysis of Cold-Formed
The Open Civil Engineering Journal, 2017, Volume 11 909 λ is the minimum of distortional buckling half-wavelength and length of member. Distortional buckling half-wave length can be obtained as follows:
Where h is the height of adjacent stiffened elements, ψ w is the uneven coefficient of the compression stress distribution of the adjacent stiffened element.
STATISTICAL ANALYSIS OF RESISTANCE UNCERTAINTY
Variation in the Material Strength
There are two factors which affect the material strength, the material strength f y tested using the standard coupons and the disparity coefficient, K 0 , considering the difference of the strength value between a standard specimen and the practical engineering material. K 0 is equal to 0.94 [19] for cold-formed thin-walled steel structures. So the material strength is equal to f y K 0 . Based on the analyzed results of the current steel productions for LQ550 [12] less than 1.6mm and S350 [13] and S280 [14] less than 2mm, the statistical analysis results of the different grade steel plates are listed in Table 1 . The material strengths are normal distributions when the significance level is less than 5%. 
Variation of the Geometric Characteristics
Variation in the geometric characteristics of the structural members includes the dimensional error during fabrication and erection. The fabricated geometric section characteristics of a section should mainly be considered for cold-formed thin-walled steel members. The geometric section characteristics of a section are determined by the geometric shapes, dimension of the cross section, and the situation of external load. The geometric section characteristics are assumed as:
Where X 1 ,X 2 ,X n are random variables affecting the geometric section characteristics.
The standard deviation σ F and variation coefficient V F of F can be obtained using the error transfer theory [20] .
(7) (8)
It is assumed that the uncertainty of geometric section characteristics K F is equal to the ratio of the measured results to the normal values. The mean value μ K F and variation coefficient V K F are calculated using formula (6)- (8) .
The statistical results of the geometric characteristics are shown in Table 2 based on the analysis of cold-formed steel lipped channel sections. The uncertainty of geometric characteristics is normal distribution when the significance level is less than 5%. 
Variation of Uncertainty of the Calculation Model
The uncertainty of the calculation method is because of the error between the theoretical values and the calculated results, which can be determined according to the ratio of the test results to the calculated results using recommend method. The load-carrying capacities of the cold-formed steel lipped channel members shown in references [6 -10, 21] , were calculated using the recommend method in this paper as shown in reference [18] . The uncertainty of the calculation method is defined as K P = P t /P 0 , where P t and P are the test result and the calculated values using the recommend method, respectively. The statistical results of the calculation method are shown in Table 3 . The uncertainty of the calculation method was observed in normal distributions when the significance level was less than 5% using Kolmogorov-Smirnov test method. 
Variation of the Resistance of Structural Members
The resistance of cold-formed thin-walled steel members [20] is given as:
Where R K , K M , K F , and K P are the characteristics value of the resistance of cold-formed steel members, uncertainty of the material strength of cold-formed steel members, uncertainty of the geometric characteristics of cold-formed steel members, and uncertainty of the calculation method of cold-formed steel members, respectively. K M , K F , and K P are assumed to be independent of each other. The mean and the standard deviation of the variation coefficient of the resistant of cold-formed thin-walled steel members can be given as formula (10) and (11) using the linearization rule.
If K R is defined as the ratio value of mean resistant to the characteristics value of the resistant of cold-formed thinwalled steel members, K R = R / R K , the mean value of K R can be obtained as:
The resistant R is the product of several variables with normal probability distribution, as shown in formula (10) . Because uncertainty of the material strength, of the geometric characteristics and of the calculation method of coldformed steel members had normal probability distribution, the resistant will have a logarithm normal distribution. The statistical parameters of the resistance model uncertainty of the cold-formed thin-walled steel lipped channel compression members fabricated with LQ550, S350, and S280 cold-formed thin-walled steel plates are listed in Table 4 . 
STATISTICAL PARAMETERS OF THE UNCERTAINTIES OF EXTERNAL LOADS AND LOAD COMBINATION
Statistical Parameters of the Uncertainties of Different External Loads
Statistical parameters of the uncertainties of different external loads in China can be obtained according to the existing research results [22] , as shown in Table 5 . 
Load Combination
Two kinds of load combination cases are considered for cold-formed thin-walled steel members based on the Load code for the design of building structures GB50009-2001.
1)The design formula for the combination of dead load, live load, and wind load is given as:
2)The design formula for the combination of dead load, live load is given as:
Where γ G , γ Q , and γ W are the partial coefficient of the characteristic value of dead load, live load, and wind load, respectively. ψ is the load combination coefficient. S G k , S L k , and S W k are the characteristic value of dead load, live load, and wind load, respectively. R K is the characteristic value of the resistance; γ R is the resistance partial coefficient.
The 24 external load combination cases considered are listed in Table 6 . Where ρ 1 is the ratio values of the sum of the characteristic value of live load and the characteristic value of wind load to the characteristic value of dead load, while ρ 2 is the ratio values of the characteristic value of wind load to the characteristic value of dead load. 
DESIGN RELIABILITY ANALYSIS
Reliability Index of Structural Members
The determination of a suitable target reliability index for cold-formed steel structures can be obtained by the draft of Technical code of cold-formed steel structure [23] based on Unified standard of reliability design for building structures as shown in Table 7 [24] . Considering the ductility characteristics of cold-formed steel, the target reliability index of Grade A, Grade B, Grade C, and Grade D for LG550 high-strength steel are 3.5, 3.4, 3.3, and 3.2,respectively. The target reliability index of S350 and S280 steel are 3.2. 
Design Reliability Analysis of Members
The resistance partial coefficient is equal to 1.165 for S350, S280, and LG550 compressed members according to the Technical code of cold-formed steel structure (Draft) [23] and Technical specification for low-rise cold-formed thinwalled steel buildings [11] . The standard strength and the recommended design strength for S350, S280, and LG550 steel are shown in Table 8 . Based on the resistance uncertainty of cold-formed thin-walled steel members and uncertainties of external loads, the reliability index for S350, S280, and LG550 axially and eccentrically compressed members can be calculated as shown in Tables 9-20 using the improved first-order second-moment method under 24 kinds of external loads combinations. 
RESULTS AND DISCUSSION
The reliability index of cold-formed thin-walled steel members as shown in Tables 9-20 shows that the reliability index under office live load is higher than reliability index under residence live load. The S280, S350, LG550 axiallycompressed and eccentrically-compressed members can meet the requirements of the target reliability index except grade A, B of LG550 eccentrically-compressed members under a small amount of external load combinations. Considering that the width-to-thickness ratio for grade A, B of LG550 eccentrically-compressed members is beyond the limit of Chinese code, the width-to-thickness ratio of flange was suggested to be less than 60 in cold-formed thin-walled steel structure.
CONCLUSION
The reliability index of cold-formed thin-walled steel compressive members for LG550, S350, S280 was calculated using the improved first-order second-moment method. The calculated results show that the S280, S350, LG550 axially-compressed and eccentrically-compressed lipped channel members can meet the requirements of the target reliability index when the load-carrying capacities of members are estimated using the effective width method considering distortional buckling, and keeping the resistance partial coefficient equal to 1.165. The width-to-thickness ratio of flange met the requirement of Chinese cold-formed steel code. The distortional buckling strength of lipped channel steel members in engineering structures can be calculated using the proposed method in this paper when the width-to-thickness ratio of flange meets the requirement of Chinese cold-formed steel code.
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